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STEP BY STEP NEONATAL VENTILATION 


Preface OF 
2NP EDITION 


"I wanna a small book about ventilation ,. May u suggest 


me one please??" 

This was the question that I asked my seniors in my 1* year residency & I think that 
every young pediatrician has done that too,, But usually there was no definite 
answer as most books about mechanical ventilation in market are so big & 
sophisticated & practical notes are between lines. 


So | decided to collect information about mechanical ventilation for my self & my 
work ,, | read about 12 books about different subjects of ventilation & | attended lots 
of courses about ventilation.. When | finished writing some papers & give them to 
my seniors & consultants ,,- thankx god- they appreciate them as far as they were 
taken as protocol of ventilation in different NICUs 

So We decided to publish the book & | hope that more pediatricians can get benefit 
from it, When we prepared the 1* edition we planned that it will be bought in about 
1-2 years,, but we were so surprised when it was totally finished in only 5-6months,, 
thankx god!! 


In the 2" edition Five new chapters are added ,,, the 1* is about high frequency 
ventilation which was highly recommended from my colleagues as HFV are now used 
more than before, the 2™ about non invasive ventilation which is so important 
nowadays to avoid hazards of intubation & ETT, the 3 about nutritional support of 
mechanically ventilated baby , 4" about instruments used in ventilation , 5" about 
pharmacological adjuncts , & finally three scenarios of different cases were added to 
exam your absorption of the practical information in the book. 


Finally , This book will be Inshaa allah apart of series of small, practical, simple& 
scientific handbooks in different aspects & parts of pediatric medecin, which are 
being successively prepared. 


Thankx for trusting this booklet & I hope you will like it & I hope to receive your 
sincerely notes to be corrected in next editions inshaa allah. 


vi 
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*Introduction:- 
* The two goals of ventilation are == appropriate oxygenation 
Appropriate co» elimination 


1- Oxygenation:-_is largely determined gg FIO, 
MAP 


Mean airway pressure (MAP):- it is a measure of the average pressure to which 


the lungs are exposed during respiratory cycle. 
(MAP Î by $ PIP , PEEP, IT or Rate ) 


2- Co, elimination:- it is largely determind by alveolar minute volume which = Effective 
tidal volume x RR (Effective tidal volume = tidal volume — dead space) 


So co, elimination is determined by ha change in tidal volume & 
Change in RR 
Tidal volume is determined by pressure gradient between (PIP & PEEP) 


SO co, elimination is affected by (RR, PIP & PEEP) 


Co, elimination is also affected by Ti ( inspiratory time) as time of expiration is the 
time allowed for lung to get rid of co; , so if it is two short .... This may lead to co, retention. 
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*Pulmonary mechanics:- Compliance 
Resistance (tissue & tube) 
Time constant 
1- Compliance:- esel ede¥l gle 5 small (pally 44 Nh 5 ya 
It is aterm that is used to describe the elastic property of asystem. 
Compliance = A in volume / A in pressure 
So Compliance x A pressure = A volume 
So the higher the compliance .... The larger the volume delivered & 
If compliance VJ we need to TA in pressure 


Normal compliance = 0.03 — 0.06 L /cm H20 


2- Resistance :- 
It is aterm that is used to describe the property of the lungs that resists airflow 
Or by another words 


It is the pressure required to overcome the elasticity of respiratory system & any 
obstructions to maintain certain flow. 


Resistance= A pressure / A flow 
So A flow = A pressure / Resistance 
So to keep certain flow if resistance T I need to ® pressure 


Normal resistance = 30 cm H,0/L/sec 
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Tube resistance :- Poisseuilli law (Resistance = length x redius*) 
So reduction of radius by % results in 16 fold 7 in resistance 

So Resistance can Î rapidly if e.g secretions partially occlude the ETT 


Tissue resistance:- 
tissue resistance is high in neonate due to the low ratio of lung volume to lung weight & 
relative pulmonary interistial fluid. 


3- Time constant:- 
* Itis the time it takes to equilibrate pressure between proximal airways & alveoli 


Time constant = compliance x Resistance 


*The time necessary for the lungs to inflate & deflate depends on Inspiratory & Expiratory 
time constant 


This is an example to make it more clear:- 


ER 


compliance time constant 


*The lung is stiff>no complete inflation so | *Here there is obstruction (resistance) by 
time needed to inflate the lung or deflate itis | meconium > time needed to inflate or 
short>short time constant. deflate lung is long>long time constant. 
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*Types of mechanical ventilation:- 


1- Volume ventilators:- less frequantely used to ventilate neonates , because of the 


inability to deliver small tidal volume needed by preterm infants. 
Pressure ventilators:- These are the most frequantely used ventilators in the NICUs 


> Traditional pressure ventilators are:- 
Time cycled ,,, Pressure limited,,, with constant flow 


*Time cycled:- change from inspiration to expiration (cycling) is done after a certain 
time preset to the instrument> 

*Pressure limited:- These ventilators deliver volume of gas until a preset limiting time 
(PIP) 

*Constant flow:- There is continuous flow of oxygen & air in the breathing circuit 
(during both inspiration & expiration)> allowing the infant to breath between 
mechanical breath & provide CPAP. 


KEKAKK EK 


*Ventilator as amachine:- 


nn & WN 


- Soure of air & oxygen (pure 0,100 % & compressed air 21 %) 

- Blinder or Mixer 

- Filter to inflate air (one of the lost functions of nose by intubation) 

- Humidifier & Wormer >that humidifies & warms the mixture(do function of nose) 
- Ventilator circuit :- which may include water traps 
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6- Ventilator rate:- There is aknob that obstructs the way of the air & passes it to the 
patient. 
The number of activation of this knob per min>ventilator rate 

7- PEEP:- (system built in the ventilator to prevent complete exhalation of air at expiration) 
Acts as the epiglottis which is lost in intubation 

8- Screen :-contains Parameters control ,, Alarms ,, Manual breath & Graphics 


Infection control:- ventilator circuits & humidifier chamber is better to be changed 
after 5 days of continuous use by apatient. 


KA KR KK 
*Parameters of mechanical ventilation:- 


O Peak inspiratory pressure:- 

-SPIP :- It is the max pressure reached during inspiration 

It is the 1ry factor used to deliver tidal volume in pressure ventilation. 

> PIP should adjusted initially to achieve adequate tidal volume which is reflected by 
1- Chest expansion 2- adequate breath sounds 

> Ventilation of an infant with ẹ lung compliance 

PIP up to 25 cem H30 in (preterm) & 30 cm Hzo in (full term) 


PIP is gradually with improvement of lung machine up to 10-12 cmH,0 


2 TTV © Barotrauma 
> co, elimination “> May impede venous 
* pao return>COP 
Š NPVR 


PIP Fewer side effects Insuffient ventilation 
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(2)Positive end expiratory pressure:- 


prasme Engen 
TR — 
[er 


» PEEP :- It is the positive pressure applied at the end of expiration to prevent lung 
collapse & maintain stability of alveoli. 
» PEEP:- can be adjusted as low as 3cm H20 _& as high as 8 cm H20 (moderate PEEP 4-6 


cmH,0) 


D Inadervent PEEP “auto PEEP”:- the chosen PEEP (preset PEEP) may ‘ if expiration 
time is too short or airway resistance air trapping (autoPEEP). 


action Advantages disadvantages 

“S PEEP “> ”Noxygenation > J gradient between 
Prevent alveolar PIP & PEEPS TV 
collapse  Impedes venous 
Improves distribution return 
of ventilation => May produce co, 

=> Improves ventilation retention & air 
perfusion relatioship trapping 
= May T PVR 
PEEP Good in weaning & in VLBW | May lead to alveolar collapse 
low lung volume. 


3) Fraction of inspired O>:- 


> Fio,:- It is the simplest & most direct mean of improving oxygenation. 

> High Fio, esp in preterm may lead retinopathy of prematurity “oxygen toxicity” 
High Fio, also may ẹ oxygenation?? > as during gas exchange N, keeps alveoli open 
while 03 is rapidly absorbed by pul capillaries ,,, so if all the air in the alveoli is 03> 
alveolar collapse may occur. 
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(4) Respiratory rate:- 


» RR :- determine minute ventilation (RR x TV) & thus co, elimination. 

» A respiratory rate of 40-60 breath/min is usually suffient in most cases > it can be 
decreases to 20 breaths/min , allowing for infant spontaneous breathing during 
weaning. 


MAP while using lower 
PIP > May lead to insuffient 
emptying->auto PEEP 


Good during weaning 4 minute volume so > 
PIP may be needed to 
TV> barotrauma 


(5) Inspiratory time:- 


> it is usually adjusted between (0.32-0.6 sec) usually 0.32sec depending on pulmonary 
mechanics (compliance,resistane & time constant) & monitored through graphics. 


> Inadequate expiration air 
trapping 

> Long Ti leads to active 
expiration during inspiratory 
cycle> fighting of 
ventilator> 7 incidence of 


pneumothorax 
» Useful during weaning » LowTi> TV 
» Useful in obstructive » May ventilate more dead 
disease with air trapping space 
JI sjal das | sell fialsa 


effective 
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*Modes of ventilation :- 


ik 


fferent types of modes of ventilation depends on 3 points: 


A- Trigger =< Patient 
Time 
Limit NX spontaneous > sinus shaped 


Pressure limited plateau 


© Cycle = Time cycled “ according to a preset Ti” 


Flow cycled 


wa en 


Controlled mechanical ventilation Augmented modes 
dale US på Sain Gall J plis 09 JE are gle y JAN sing Al (yas yal 
Assisted ventilation Intermittent positive pressure ventilation pressure support 
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C) Controlled mechanical ventilation (CMV) :- 


v All breaths are initiated & delivered by ventilator 
v The patient takes no active role in ventilation 
v {Time triggered ,,, Pressure limited ,,, Time cycled} 


Controlled Mode 
(Pressure-Targeted Ventilation) 


O) Assisted ventilation (A/CMV , PTV):- 


yY The machine senses when patient begins inspiration & responds by delivering 
mechanical breath according to ventilator settings. 
> All breaths are initiated by patient & delivered by ventilator , but with a minimum 
mandatory rate. 

y {Patient triggered ,,, pressure support ,,, time cycled} 


Patient ‘lriggered, Pressure Limited, Time Cycied Ventilation 


A Time-Cycied = 
Flow 1 X 


N- pa $ —~———e 
m=, j 

f 

4 
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G) Intermittent Mandatory Ventilation:- 


v Some breaths are given by ventilator (Mechanical) breath at preset interval & some 
spontaneous by baby. 


(( Synchronized intermittent Mandatory ventilation (SIMV) )) :- 

v The same as IMV but with “ synchronization” > the mechanical breath is synchronized 
to the patient ventilator pattern. 

yY There is aminimal delay “window” before ventilator give (mechanical breath) to allow 
sensation of patient breath & trigger. 


(@) Pressure support :- 


Y The patient breaths spontaneously , controlling his RR>Trigger ,,, length of inspiration 
& expiration>cycle & the ventilator will Å & support pressure to a preset pressure. 

y {Patient triggered ,,, pressure limited ,,, flow cycled} 

~ This mode may be used alone ( all breaths initiated & ended by the patient with 
pressure support from ventilator) or it may be in combination with SIMV. 


SIMV + PS 
(Pressure-Targeted Ventilation) 


Time-Cycled (AWE) 


A \ 
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6) Continuous positive airway pressure (CPAP):- 


6) Pressure support volume quarantee (PSVG):- 


» In this mode the pressure is limited, with a set tidal volume,,, this pressure will stair up 


to meet this tidal volume. 

(PIP is preset & TV also > if baby gets this tidal volume before reaching this PIP- the 
machine will give him just the pressure wich allows him to get the TV not necessary the 
preset PIP so it provides less seen = inte 


Comfortable | -Not weahable 


För patients 


1- Assisted | Full mechanical | breath 


control | is delivered ,either with very mode that mode as patient 
(A/CMV) | triggered by patients weak provide lots of | is fully supported 
respiratory effort,, if respiratory support -Can lead to 


not suffient> the effort->as his hyperventilation 
preset mechanical rate | breaths are > as patient 
is maintained fully makes the rate. 
automatically supported 

2-SIMV -Preset mechanical Most common | -Synchronized | -Any other 


breaths of cycle 
are not 
supported so not 
good during 
fighting 


with patient 
-Weanable 


mode used in 
neonate 


breaths delivered 
within an interval based 
on preset RR> 
ventilator allows 
spontaneous breath at 
part of interval. 

- Any other breath 
during cycle are not 
supported. 
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Can’t be used in 
patient who are 
not 
spontaneously 
breath 


-Weanable 
-Helps in 
overcoming 
ETT resistance 


In 
spontanuously 
breath patient 
> it helps 
overcoming 
resistance of 
ETT 
Useful in most | Advantages of | Avoid 
circumstances | both 2 modes | disadvantages of 
previous 2 modes 


3-Pressure 
support (PS) 


Supports each 
spontaneous breath 
with a preset pressure 


4-SIMV with | Ch.ch of 2 previous 


PS modes 


N.B :- Recruitment is a strategy aimed at re-expanding collapsed 
lung tissue, and then maintaining high PEEP to prevent 
subsequent 'de-recruitment". In order to recruit collapsed lung 
tissue, sufficient pressure must be imposed to exceed the critical 
opening pressure of the affected lung 


BY? PEEP gradually till saturation is improved so we are above 
the critical closing point of alveoli> 
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Neonatal ventilation “step by step” iad 
10 steps — kg 


| 


Le Eksem 
(A) When to ventilate?? (Indications of ventilations):- 


« Severe respiratory acidosis (pco; level > 60-65 mmHg or PH< 7.20-7.25 
s Severe hypoxemia with Pao, < 50 mmHg depite Fio2 60-80 % 

« Severe persistant apnea , Severe apnea of prematurity. 

« Severe RD with RR> 60 & subcostal & intercostals retractions. 


e Diaphragmatic hernia 


© Craniofacial abnormalities 


(B) How to ventilate ?? 


Fr Prepare Ventilator:- 


® Connect O; ,air & other parts of ventilator in their places 
® Connect humidifier & wait until its temp is adjusted 

& Connect breathing circuit 

* Switch ventilator & be sure that there is no air leak 


© Adjust settings 


E2) Prepare Monitors:- 


© Pulse oximeter 
© Bpcuff 


® Oxygen analyser 
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© Blood gas analyser 
© Ecg monitoring 
© Portable X-ray machine 
(3) Intubation:- 
© After intubation try to keep head of baby in constant degree of slight extention 
* Besure that the breathing circuit is not pulling or pushing the ETT , Put a dressing under 
the circuit to support it 
© Observe chest inflation 
© Auscultate chest to be sure of air inflation & that it is bilateral & equal 
© Observe pulse oximeter & try to keep saturation between 90 -95% 
© Do chest X-ray to check position of the tube. 
© Stabilize baby for % h , then do blood gases to judge your settings 
© If baby is not sedated during intubation , sedation is given 
© A highly qualified nurse is continuously observing the baby & filling the charts 
® Start combination of antibiotics 
Seal @ å delai ai 
Initial Settings changing parameters patient care weaning & extubation 


O Goals of ventilation ( ventilation stratagies):- 


The strategy of ventilation depends on :- 

1- Type of the disease ( obstructive , restrictive , normal lung ) 
2- Size of the baby e.g premature 1-2 kg ,,, full term 3.5 kg 

3- The resulted blood gases & need to its repair 
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« Small term infant ( < 1000 gm ) > mild permissive hypercarbia may be followed to 
minimize lung injury 

e Patient with severe chronic lung disease gases with Paco, 60-65mmHg & Sao, > 88 % 
may be acceptable. 

s Incontrast, a patient with PPHN might have agoal ( PH> 7.45 , Paco, < 30, Pao» 100) 


In attempt to attenuate hypoxic hypoxic pulmonary VC. 


** Suggested initial ventilator stratagies for common neonatal respiratory 


disorders:- 
Disease Initial setting — — Blood gases target 

1- RDS *Rapid rate 2 60/min *PH 7.25 - 7.35 
* Moderate PEEP 4-5 cmH,0 *Pao, 50-70 mmHg 
*low PIP (10-20) cmH,0 *Paco, 45-55 mmHg 
* Ti 0.3-0.4 sec 
* Tidal volume 4-6ml/kg 

2- MAS *Relatively rapid rate (40-60/min) *PH 7.3-7.4 
*low to moderate PEEP (3-5) *Pao, 60-80mmHg 
*Ti 0.3 , l:E ratio>1:3 *Paco, 35-45mmHg 
*if gas trapping occurs , Ti or V-PEEP 

3- PPHN *Higher rate 50-75/min *PH7.35-7.45 
*PIP 15-25cmH,0(PIP J pul vascular | *Pao, 70-100 
resistance) *Paco, 35-45 
*low PEEP(3-4cmH,0) (high PEEP may 
4 PVR) 
*Ti 0.3-0.4 
*high Fio, (80-100%) 

4- Apnea of *relatively slow rate 10-15 *PH 7.25-7.35 

prematurity *minimal peak pressure 7-15 *Pao, 50-70 

*low PEEP (3cm H20) *paco, 55 
*Fio, usually < 25% 
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5- Broncho *Slow rate 20-40 *PH 7.25-7.35 
pulmonary *moderate PEEP 4-5 *Pao, 50-70 
; *lowest PIP required 10-20 *Paco, 55+ 
dysplasia 


*Ti 0.4-0.7 
*lowest PIP suffient for chest 
excrusion 

*relatively rapid rate (40-80) 
*Moderate PEEP (4-5) 

*short Ti 0.3 0.5 


*PH> 7.25 
*Pao, 50-70mmHg 

*Paco, 45 — 65 mmHg 
N.B:- sicker neonates may 
need less aggressive goals 
for oxygenation as long as 
preductal SPO, >85% 


6- Congenital 


diaphragmatic 
hernia 


7- Hypoxic *Rate 30-45/min or slower according | *PH 7.35 —7.45 
ischemic to spontaneous rate *pao, 60 -80 mmHg 
encephalopathy | “PIP 15-25 cmH;0 *Paco, 35-45 mmHg 

HIE *low moderate PEEP 3-4 


*Fio, to maintain Spo, 


* General notes about settings:- 


1- General initiation setting can be used the then change according to response 
Fio2 =50% or more ,, PIP= 12-15 ,, PEEP=4-5 ,, Ti=0.3-0.5 


2 Max PIP settings <27w GA >24cmH,0 
| 27-32w > 26cm H20 
33-40w 28cm H20 


Start slow then ‘Mo obtain target sy < 33w (4-6cc/kg) 


e) start at minimum( 4-5 )cm H20 


N to (6-7) if Fio, needed > 60 % 


>33w (5-7 cc/kg) 


You may reach( 8-10 cm) H20 if needed 
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4- (fe, ) Start low at 40 % 
\ Then adjust to maintain target Spo, 
If Sao, < target , Fio2 may be 7 by (2-5) & allowing 4 mins 
Consider T PEEP prior to Fio» 
Be sure (airway patent -HR > 100 , Baby not apnaec) 
Maintain neonate on room air whenever possible. 


according to GA &wt ST if < 34 w or <3kg. 
40-50 if > 34w or > kg. 
30-40 if > 40 w 

If rate > 60 hoi watch for air trapping. 


Adjust inspiratory time. 


start at 0.3 -0.5 
<1 kg 30.25 -0.3 minimum 0.2 
1-2kg->0.3 -0.4 minimum 0.2 
2-3 kg30.35-0.45 minimum 0.25 
3-4 kg>0.4-0.6 minimum 0.3 


Ideally set using flow time graphics 


® 


§ 


If neonate uses expiratory ms during expiration > Ti 
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@ Assessment :- 


vy Following initiation of ventilation art blood gas should be measure within 30 mins. 

v Findings should be corrected with monitoring device. 

v lf they are corrected- changes can be made bases on neonatal respons & trends in 
monitoring. 

v If not corrected repeat ABG. 

v Close observation of 1- vital signs 2- signs of dehydration 


N.B :- after administration of surfactant > rapid change in lung compliance 


Are frequantely seen “may lead to barotraumas” so close observation 
should be done. 


(6) Changing parameters:- 
Important roles:- 


4 4 PIP — 7 pao, Vpacoz 

+ PPEEP — Å pao,, Npaco, 

+ Rate —> co, wash > paco, 

+ Fico. — > ‘pao, 

+ Ti (like PEEP) ———» T pao, , Npaco» 


hypoxia ~ 
* If there Fa hypercarbia M PIP 


* If there is hypoxia with normal paco, 
1* step> Å Fio», 
Then———> Å Ti or Å RR or T PEEP (not>6) without TPIP. 
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* If hypercarbia with normoxemia 
Firstly :- tryto ARR "washco;”—— > then try to |) PEEP “ ẹ CO, retention” 


— Finally V Ti to allow good expiration & coz wash. 


X 
X 
Then we should consider:- VIP; 


> Tube problems :- blocked tube , leak->insert large ETT, & try ventilation by Ambu. 
> Patient problems :- incorrect academia >ABG 
hypotension>BP 
hypoglycemia>RBS 
» Ventilator problems:- check the machine 
> Incorrect diagnosis or complications of ventilation:- 
*pneumothorax *pulmonary edema fluid overload  *CHD 
*pulmonary he *Ichge *Septisemia 
(CXR „CRP ,, CBC ,, cr US ,, ECHO) 


v Then 7 pressure ( it is better to be alive with risk than dead with hypoxia) 
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v ^ Rate (very fast rate)» more synchronization & paralyzation of baby with 
ms relaxant. 
Y Finally, another mode of ventilation e.g HFIOV. 


Q Patient care:- Routine care 
Intermittent care 


Suctioning 


1- Routine care:- (blood gases , HR , RR, BP , ECG) 
care:- *access breath sound & verify chest rise. 
*ETT placement & security 
* Suction patient if needed 
* Aeriolized bronchodilator if needed 
* X-ray monitoring 
*Lab monitoring (Hb , RBS , Electrolytes ca?) aes 
*wt monitoring 
* others like Echo & cr US 


3- ing:- - 1* 4 Fio; to Ninfant oxygenation 


-Dissconect tube >inject % ml normal saline > use bag or vent to 
distribute saline for % 


-Determine length of catheter according to length of tube->suction 
-reconnect circuit>raise Fio2for while 


- MAS usually needs frequent suctioning,RDS Needs little. 
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@ weaning:- 


Weaning means decreasing the parameters of the ventilator , till very low 
settings that allow switching to CPAP or even extubation. 


1-when you put ababy on ventilator , try to keep saturation between 90-95 , if 
the spo; jump to 99 — 100% > v/Fio» by 5 or even 10 in patients’ with normal 
lung or mildely damaged lung. 


( it is important to keep spoz around 95 especially in preterms) 


2-Since , the most we are afraid of are pressure , they are usually the cause of 


barotraumas & BPD ,,, So ((once there are stable readings of BG & clinical 
conditions for 12h, start to | the PIP by (2cmH,0) & J PEEP by (1cm H20) till. 
3cm H0..... alternating with | VR (ventilator rate) to let the patient breath 
spontaneously , when the VR is low , the infant generally can be placed on CPAP)) 


Switchable 
criteria 


1-Fio, < 40 % 


2-low ventilator rate 


3-infant has an efficient spontaneous respiratory drive 


4-infant weighting >2kg>whenVR(20-25 cycle/min) & pressure( 20/3) or 
less & establishing regular respiratory pattern (switchable baby) 
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5-Infant (very small , premature) with VR (20 cycle/min) & pressure (15/3) 
can’t switch to CPAP as they may not sustain adequate respiration so 
gradually | VR | 20 > (15, 10, 5)> thus avoid prolonged apnea & keep Ti 
(0.3 -0.4) as longer may delay weaning process 

Ald cle Lag i Ai polly | Audi cle Made DU aeia 0d piali Jåkall yl still 

6-Haemodynamically stable (HR,BP) 

7-Acceptable blood gases. 


| * the most potentially harmfull 1* (Fio, & PIP) 
*Limit changes to one parameter at time 


*Follow up blood gases after each change 


*whenever changing to CPAP from SIMV,,, TFio, by 10% for % - 1 has 
some infants become transiently hypoxic or apneic after switching But 
sometimes with large babies who fight against slow rate , changing to CPAP, 
may cause an‘ in pao, so any ® in Fioz> Å in pao, markedly 


((Therefore ,always check the Sao, when swithch to CPAP.)) 


a. es å b NAV y 
*impaired respiratory drive *Nutritional compromise 
*respiratory ms failure ,apnea ,metabolic abnormalities * Neurological problems 


*Abnormal pulmonary machine (compliance & resistance) * Infection 


*localized atlectasia *CHF , PDA 
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Jeterioration :- 


Sudden deterioration 
* Sudden blo ze of ETT or extubation 

Suction & auscultate the chest if not 
improved->change the tube 


Emergency clinical diagnosis (4 air 
entry & baby deteriorate > do CXR> 
needle aspiration. 


Usually there is in HCT & baby 
remain hypoxic & academic with poor 
peripheral circulation. 


The clue key of diagnosis (frothy pink 
endotracheal aspirate) , usually 
associated with coagulopathy. 

CXR> widespread patchy infiltration 
It is difficult to be treated but best 
device( settings , paralyze baby, 
plazma & platelets if indicated, replace 
clotting factors with fresh frozen 
plasma & platelet if indicated) 
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Gradual deterioration 
* Infection 

> Ichge 

+ PDA 

© Partial blockage of tube 

© Anemia 

= Hypotension 

* Electrolyte imbalance 
Hypoglycemia 

* Development os severe BPD 


Step by step neonatal ventilation 


Pressure gauge not moving Pressure gauge moving 


*patient not improved 


Machine failure -Barotrauma 
*adequate breath sounds & chest movement -Tube blockage or 
malposition 
With ambu (baby improves) - Medical complications 
gp tg ~ IVhge, pul hge 
*hypoventilation *partial tube blockage ~ cor pulmonale 
( may need 7 pressure) (suction or change tube) ~ sepsis , shock 


Pul hypertension 
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(10) Extubation:- 


v When baby tolerate CPAP efficiently & at minimal reading > he is improving “thing of 
extubation” 

v Dexamethasone (0.25-0.5 mg /kg 8-12h) is given 48h before extubation & discontinue 
48 h after extubation. 

v In prematures start theophylline (2mg/kg/8h) 1-2 days before extubation. 

Before extubation be sure that patient is in optimal condition( electrolytes ,Ca”, 
HCT,CXR). 

v Remove any gastric content s of feeding, good suctioning( to prevent aspiration) 
suctioning of the mouth , oropharynx & positioning. 

v Before extubation rise Fio, to 100% for % h to raise Pao». 

v Ambu prolonged sight 15-20cm H20 is given during extraction of the tube to prevent 
sudden -ve pressure. 

v Cut tip of ETT & send it to lab for culture. 

Stop oral feeding (4-12h) & don't introduce NG tube (obstruct nose, *WOB, irritant, 

secretions. 

It is better to use nasal CPAP after extubation or even headbox. 

FOllow up Spo; & blood gases. 

Do CXR 2h after extubation. 

Follow up clinical signs of respiratory failure (like retraction & tachypnea) & then 

consider re-intubation. 

v If stridor caused by laryngeal edema develops after extubation , recemic epinephrine 
aerosols & steroids may be helpful. 

v If there is recurrent apnea after extubation > reintubate > start theophylline if not 
already started > put on SIMV for 1-2 days then wean > if apnea occurs again > think 
IChge > do Cr US 

v If very small infant < 1kg fails to extubate for 3 times > Restart SIMV (5 cycles/min) with 
PEEP 2-3cmH20 & feeding infant with enteral feeding or TPN 

Gaile clu AVR very small 
if baby becomes 250gm larger that may help extubation. 


% 


Sm & & 
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> Barotrauma:-e.g BPD & Pneumothorax 
» Intracranial he 
COP 
Chronic lung disease 
Air leak $ :- e.g pul interistial emphysema ,, preumomediastinum 
» Pneumonia & other infections 
> Rhitonopathy of prematurity 


N.B :- oxygenation index:- 


It is areliable index for assessment of severity of lung pathology in 
mechanically ventilated patients. 


*Calculation :-- Ol =MAP,Fio,,100 / Pao, 


Where MAP = (PIP-PEEP), Ti / cycle time (Ti -T exp) 
*Significane of Ol:- 

-Value between 1-5 >No or minimal lung pathology 

-Value between 6-10->Mild lung pathology 

-Value between 11-20->Moderate lung pathology 

-Value above 20 > Severe lung pathology (50% mortality) 
-Value above 40 very severe lung pathology(80 % mortality 


*Ol>5 is associated with 40% failure of extubation. 


*01>40 is an indication of ECMO. 
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Scheme of initial management of 
neonate with RD 


-Place 30-40% 03 

-place on 40-50% -close observation 
-Nasal CPAP 5-6 cmH,0 A io 
-consider intubation & surfactant «————______________ improves distress 
-catheterization | 
-ABG is done & CXR wean slowly 
Pao, (50-70mmHg ) pao, < 50mmHg pao: >50mmHg 
Paco» (40-50mmHg) paco; (40-5-mmHg) paco, >60mmHg 
PH 7.25 -7.45 PH 7.30- 7.45 PH < 7.25 
Close observation M Fioz or CPAP Mechanical ventilation 
Repeat ABG after 1h repeat ABG after 1h Give surfactant 

Consider Surfactant 
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1-Pressure / Volume 


2-Flow / Volume 
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Scalars “wave forms” 


— 


*Scalars are wave forms which plot pressure,flow or volume against time. 


Y Scalars > vertical line 
v Time > Base line 
v Elevated baseline in CPAP /PEEP 


Flow (L/min) 


v Inspiratory phase >active>affected by modes of ventilation 

y Expiratory phase>passive>not affected by modes of ventilation but by various 
chch. Of resp system e.g resistance & compliance 

v But Ti can affect the duration of expiratory phase 

v Each wave form has to be analyzed in terms of (magnitude , Duration & time) 
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(UD Pressure / Time waveform:- 


$ 


2 
5 
a 
pr 
& 
> 


D 


*Importance:- 
1- Detecting the mode of ventilation used (see before...modes of ventilation) 
2-Dyssynchrony == Cycling dyssynchrony 


Trigger dyssynchrony 


(Trigger dyssynchrony ) :- 


v Itisidea depends on that the patient tries to trigger to begin abreath..but failed > as he 
doesn't reach the limit which triggers the ventilator to begin acycle ( which may be due 
to 1-Auto PEEP or 2-low sensitivity ventilator settings (high trigger). 

* Auto PEEP > Baby needs to make -ve deflection( (-ve pressure) to pass auto PEEP) + 
(-ve pressure until trigger sensitivity is reached)—> 7 WOB & appears in the wave 
form as trials of triggering without cycles. 

v So trigger dyssynchrony may occur as aresult of an inappropriate settings or effect of 
autoPEEP. 
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Y On pressure waveform:- it will appear as attempt to initiate breaths that are not sensed 
by ventilator>-ve deflection that are not followed by positive pressure breath. 

* On flow waveform:- it will appear as interruption of expiratory flow by small positive 
inspiratory flow patterns. 


a | | 1 a | Lees 
fe = | AE 


{cycling dyssynchrony ) :- 


Y Cycling = transition of ventilator from inspiratory to expiratory phase 

yY Cycling dyssnchrony:- occurs when patients inspiratory time (neural time) T; neural , is 
not synchronized with set Inspiratory time (mechanical time) T, Mech. 

v IFT; mech is too short > that could cause patient to trigger ventilator during expiratory 
phase & it appears in pressure wave form as spike in the end of inspiration. 

v 


If Ti mech is too long > patients want to exhale during expiration. 


3-Rise time :- amount of time needed to reach pressure 


“creet ae | woth t 
rene 


Ia GX Loo 


NL NÅ 


Vg a 
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inspiraton | 


—» Zero flow 


Expiration 


*Importance:- 
1- Identify type of i N Time cycled 


Flow cycled 


*Time cycled :- Inspiration ends by the end of recorded Inspiratory time (at the base line) & 
expiration begins 


*Flow cycled:- Inspiration ends & Expiration begins when machine flow y to aset terminal 
flow criteria , which is typically in most ventilators at level of 25% of peak inspiratory flow. 


I å å å * 
Cow DI hele dale US gå Sain Jill sg piali 


Terep fade OG 131 ill glise gial går Ls aht 
Peak insp flow (ja ia dud aic J} ias jleall * 
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Poseer Cw tere 
I I 


j 


remmuae, F 4 B a, , 


timo (sec 


2- identify if Ti is suitable for patient or not?? 


1- short Ti 2-Normal 3-Prolonged Ti 
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3- Determine Inspirato cle off:- 


(PF I oe oe an eHow Yi se DEE Ol Stead! å huhi ga 


100% 


time 


4- Detect air trapping & auto PEEP:- 


An tappien 
Arort ip 


Flow (L/min 


Expiration 


When expiratory flow doesn't return to base line......... and 
inspiration starts before exp ends... 


5- Inadequate inspiratory flow :- 
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6- Resistance & bronchodilators :- 


Time 


Flow 


improved PEFR 


To assess response to bronchodilator therapy, .... 
1. An increase in peak expiratory flow rate. 
2 The expiratory curve should return to baseline sooner 


7- Response to bronchodilator :- 


AFTER 


Norma Broncnospasm Retief 


QPR 


*So Flow / Time waveform is used to detect*:- 


v Identify type of ventilation 

Y Determine Inspiratory cycle off 

Y Detecting air trapping & auto PEEP 

y Identify if Ti is suitable or not 

vV Inadequate inspiratory flow 

v Resistance & bronchodilators response. 
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(3) Volume/ Time waveform:- 


Inspiratory Tidal Volume 


*Importance:- 


1- Air leak :- Exhalation doesnot reach baseline (as not all the air enter in inspiration sensed 
during expiration due to the leak) 


Volume (ml) 


[ I 


Time (sec) 


A = exhalation that does not return to zero 


Paap === 
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2- Setting appropriate PIP & Ti to get desired TV :- 


Appropriate! — time good vt 


3- Guides for weaning :- 


Aecmennet tema PCV... SIMV 


win 
( 
4 
p 
¢ 
r 
t 
t 


1, 
A Ineffective dal volume in spomtancous breaths 
8 Improved tidal volume during spontanoous breaths 


4- Active exhalation :- 


Volurne (mi) 
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exp Avon 


Y Controlled = anticlockwise 
v Assisted = anticlockwise + tail 
v Spontaneous = clockwise 


——— Page 38 


*Different shapes of P-V loop according to type of breathing:- 
i 
€ E, f f 
© 
i I EJ: ‘yee 
PG 
eg (cm H,O 
Controlled Assisted Spontaneous 
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+ The point where the curve begins in pressure limb is the PEEP:- 


*Importance:- 


1- Airway resistance :- 


-As resistance increases, the loop will become widur 
“AN f 11 expiratory resistance in more COMMON 
«I inspiratory resistance kinked ETT or patient bibng 


2-Lung compliance changes:- 


; \ 


.compiance Loops moves down {angle becomes <40) RDS (HMO) 
movesup(>45) -tcomplance — Surfactanttherapy cosan >" 


anei 
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3-Work of breathing :- 


— 


Increased WOB 


4-Air Leak :- the expiratory portion of the loop doesn’t return to baseline. 


Expiranon Vekume (mi) - 


mom f | pA 


re gaw wiary POT UH OF las lowe dowen I eter te Basing The nå salen å men 


Pressure (crm 4,0) 


5- Overdistention :- 


this occurs when there is pressure with no or little ^ in volume which makes flat end 
like the (beak of abird) so called (beaking) 


f 
E 
> E 


Volume (mi) 
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6- Detectin functional residual capacity :- 


by detecting how much curve is above baseline of volume limb 
Normal Compliance | 


fC 


VOLUME 
& 


Negative Positive 


DISTENDING PRESSURE 


7- Optimizing PEEP :- 


* The lower & the upper parts of the P-V loops are flat > on the section of agiven 
applied pressure relative change in volume. 


* In other words > on these sections or parts pf P-V loop , the lung is stiff & non 
complaint 


The goal is to apply enough PEEP to make the lung operate on the steep 
middle part of P-V loop where lung compliance is good & mechanics is favorable. 


Page 41 = 


Step by step neonatal ventilation 


* Some stratagies prefer optimizing PEEP just above lower inflection 
point (pflex) 
But with monitoring _______, overdistention 
0 AutoPEEP 
N Compliance 
As with 7. PEEP it may pass the middle part to the upper part after the 
upper deflection point which also shows low compliance as we have 
mentioned before. 
* Its advantage is that PEEP improves oxygenation at lower Fio». 


Zone of 
overdistention 
Volume 
(mi) 
Set PIP below 
this point 
Set PEEP 
above 
this point Zone of 
EE Ge derecruitment 


Potene) = 
aal Ål gan edi y gen (cis oS dag ar J sl Å Lead chi Å sll 5] LNG A 
Åp å ja nn gd NG (RIG OA 


Zone of derecrumment 
(atlactasia) 


awe: inflection pamt 


upper intlection point 
Zana of averdistennian 
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@ Flow /Volume loop:- 


Flow-Volume Loop 


inspiration 


= fs : = — 
i Say 


*Importance:- 


1- Airleak :- Expiration limb of the loop doesn't return to starting point in volume limb. 
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4- Airway secretions (water in the circuit):- 


Airway Secretions/ 
Condensate in the Circuit 


Eapiretion 


5- Increased airway resistance:- VPEFR & Scapped out pattern 


inspiration 


Volume (mi) 


Normal 
Pa . Abnormal 
a Eusiration 
6- Bronchodilator response:- 
AFTER 


EK 
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Chapter four 


Arterial blood gases (ABG) 


Pao, vs Sao, VS caoz 


*How much oxygen is in the blood?? 
1-Oxygen pressure Pao,:- pall gå Capra DU (peal hial Siew 04 


Pao», reflects only free oxygen molecules dissolved in plasma & not those bound to 
hemoglobin. 


Since most of 0, in blood is bound to HB so, it is the least helpful method to answer the 
question. 


Ga Dassi aay (ile 
PaQa= El ped å aN aill haali 
= ol sell å sY] dud , øl sell gå Gl all US haa 


= 760, 0.21 =160mmHg 


PraiyO2= då SU equal haali 
= 1 SM Gea > I 83 bt 


2-oygen saturation :- Sao, 
Sao, thepercentage of the available heme binding sites saturated with oxygen 


It is more reliable than Pao, as most of o; is binding to HB + tissue oxygenation depends only 
on o; bind to HB, but it may mistake hypoxia in case of anemic patients where HB is low > so 
Sao, may be good while baby is hypoxic,, as the available o; saturates the available low 
amount of HB 
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*the higher the po, the higher the Sao, till acertain limit (when all the o, binding sites on HB is 
saturated with o, then any TV in pao; is not followed with 7 in Sao, & this is called 
(oxyhemoglobin dissociation curve) 


Increased [H+] 


Left shift 
Decreased temp 
100 Decreased 2-3 DPG 
90 Decreased [H+] 
= co 
Š w — 
g 
å 70 
= ii Right shift 
£ so (reduced affinity) 
a Increased temp 
$ 40 Increased 2-3 DPG 


= 
o 


Po, (mmHg) 


3-Oxygen content :-Cao, 
Cao, = quantity of 02 bind in HB + quantity of o, in plasma 
= (HB,1.34,5a0>) + (0.03,,pPa0>) 


*only cao; tells us how much o; is in the blood, this is because cao is the only value that 
incorporates the hemoglobin content. 
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*Co, when dissolves in water it forms acid >so during ABG interpretation it sympolize or 
denoted acidosis ,,, while carbonic acid is dissolved into Hco3 & H which is execreted in urine 
so Hco3 during ABG interpretation sympolize alkalosis 


Ste i 


Look at PH & ask ur self > is it acidotic (<7.35) or alkalotic(>7.45) or normal(7.35-7.45) & if it is 
normal is it normal towards acidosis (<7.4) or normal towards alkalosis(>7.4). 


Look at paco, > if acidosis with ® paco; so there is degree of respiratory acidosis & if alkalosis 
with \)paco2 so there is adegreee of metabolic alkalosis 


iw 


Look at H2co3> if acidosis with ẹ H2co, so there is adegree of metabolic acidosis & if alkalosis 
with Hoco so there is adegree of metabolic alkalosis 


Determine whether this disturbance is compensated or not.... 1ry Change in paco; or H,co3 
followed by a 2ry change of the other factor in the other direction as atrial to compensate it or 
not?? 


iw 


t i- 


If metabolic acidosis found,,, determine whether an anion gab is present or not?? 


m Paget? —= 
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F| N.B:- 


: In blood positively charged ions (cations)must be balanced by negatively charged ions (anions) to 
| maintain electroneutrality,,, But when the main cations (N* & k*) are compared with the main anions 
| (cl- & HCO3-) there appears to be ashortage of anions or an anion gab. 


Anion gab = (N* + k*) - (cl- +HCO3-)...... Normal $12 


This gab appears due to unmeasured anions in this equation such as phosphate & sulphate 
inaddition to negatively charged protein. 


So Å in anion gab means 7 in one or more of these unmeasured anions. 


Acidemia {PH <7.45} 


LOW 
Mixed respiratory & 


Metabolic 
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Alkalemia {PH >7.45} 


Is that Paco, low? 


Is the Hco; high? 
YES 
Is the Hco; low? n å 
de iii ed ae 


Respiratory alkalosis 


Is the paco, high? 


Uncompansated 


Mixed respiratory & 


NORMAL 


high 


Metabolic 
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Normal PH {7.35 — 7.45} 


Is either paco, & Hcoz? 


low 


NORMAL High 


z Compensated respiratory 
Normal acid base aasi 
acidosis or compensated 


metabolic alkalosis 


Compensated metabolic 
acidosis or compensated 
respiratory alkalosis 


Look at the PH again ,,, Is it??? 


Likely ry acidosis ; Likely 1ry alkalosis 
Return to the history 


& clinical picture to 


predict the iry cause 
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Chapter five 


Chest X-ray 


s for 


SOUT ie — —— 


So == 


X-Rays 


- Indication: 


1-For initial diagnosis of the cause of 
respiratory distress 

2-To check the position of endotracheal 
tube, umbilical arterial and venous lines, 
and chest tubes 

3- In case of respiratory deterioration which 
is not due to secretions , tube block or 
ventilator problems 


PTR a et 5 


_ Basics 


1-Don't forget the Left and Right marking 

2- Expose only the area of interest 

3-Remove unnecessary things from the chest 
and move aside monitor leads, tubings etc. 
4- Do not place baby on cold Xray plate 
5-Write age in hours/days on the X-ray 


Iatrogenic / Artifacts 


1-Endotracheal Tubes 

2- Umbilical Catheters 

3-Central Venous Catheters 
4-Thoracostomy Tubes 

5-Naso/Orogastric Tubes 

6- Electrodes, Wires, Temperature Probes 
7-Skin Folds, Scapulae 
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Normal CXR 


1-Well-aerated lungs should appear fairlydark 
2- A distinct cardiac silhouette should be seen 
3-The horizontal width of the heart should not 
be more than 60% of the horizontal width of 
the widest part of the rib cage 

4-The thymus is usually apparent, and may 
project as a “sail” 


Evaluation of proper 
Tube/line placement __ 


1-Endotracheal tubes 

2- Umbilical catheters 

3-Thoracostomy tubes 

4- Percutaneous central venous catheters 
5- Gastric tubes 


| Proper endotracheal tube >>>>>>>> 
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Proper umbilical catheter >>>>>>> 


Common diseases that 
may need ventilation 
in newborn 


1-Regpivatory digtress syndrome :- 

Chest radiograph abnormal by 6 hours of age, peak of 
severity by 48-72 hours 
Mild 


Symmetrical reticulogranular pattern representing scattered atelectasis 
Air bronchrogram beyond the second generation bronchi. 


Moderate 
Uniform ground-glass opacity and profound under aeration 


Severe 
White-out of lung 
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( Different cases of RDS) 


2- Møconium Aspiration:- 
Combination of hyperaeration and coarse nodular opacities 


1- Hyperaeration:- 

Hypertranslucence 

Horizontal ribs 

Depressed domes of diaphagram (with more than 7 intercostal spaces being visible) 
2-Findings characteristically non-uniform andasymmetric 

3-Pulmonary air leaks 
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3- Pneumonia 


Radiographic appearance highly variable 
Patchy alveolar and interstitial infiltration 
Lobar consolidation ' 
Minimal changes 


4- BPD 
Stage | 
Radiologically indistinguishable from HMD 


Stage Il (first week) 
Non-resolution of the hyaline membrane disease. 
Atelectatic patches and air bronchograms persist 


Stage Ill (second and the third week) 
Areas of translucent cysts (emphysema) interspersedwith linear streakiness 
Hyperaeration 


Stage IV (4th week) 
Cystic areas become more generalized with evidenc of marked continued 
persistent hyperinflation. 
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5-Pnoumothorax 


The lung ( unilateral or bilateral) appears jet black with no bronchovascular 
markings. 
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7-Congenital heart digeages 


( cardiothoracic ratio , cardiac siloutte , Base of heart ( great vessels) , 
pulmonary vascularity , evaluation of pulmonary problems) 


The horizontal width of the heart should not 
be more than 60% of the horizontal width of 
the widest part of the rib cage 
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Note :- Chest x-ray is very important as a primary classification tool of CHD in 
neonates & small infants till echo is done to the baby which is the golden key in CHD 
diagnosis :- 


You have to take alook at :- 
1-The Pulomonary vascular marking (t pul blood flow or {pulmonary blood flow) 


2-The type of cardimegaly ( left ventricular dilatation the cardiac apex makes obtuse 
angle with diaphragm , while in Right ventricular diltation it makes acute angle) 


Acyanotic Defects 


t PBF Normal PBF 
LVH 
ave RVH LVH RVH 
I I I I 
- VSD -ABI * AS or AR - PS 
* PDA (often RBBB) -COA -c 
-ECD » PAPVR * Primary (in infants) 
*- PVOD ' -MS 
(secondary to 
L-R shunt (EFE) 
lesions) -MR 
Cyanotic Defects 
$ PBF + PBF 
LVH or RVH BVH LVH RVH 
| | l l I 
Persistent *TGA *TGA+P5 ° Tricuspid * TOF 
truncus * TAPVR < Persistent atresia *PVOD 
arteriosus truncus . 

é “= eus swith ` atresia with GER shone 
ho hypoplastic PA hypoplastic lesions) 
-TGA + VSD å + Ebstein's 

anomaly 
with PS (RBBB) 
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Chapter six 
High Frequancy ventilation 


High-frequancy ventilation is considered as important ventilator technique for lung 
protective ventilation 


SO:- 


***what is meant by lung protective ventilation?? 

1-open (inflate) the lungs 

2-Keep the lungs open(do not allow alveolar collapse between breaths) 
3-Ventilate as gentily as possible 


*** How mechanical ventilation causes lung injury?? 

1- Barotrauma:using too much pressure 

2-Volutrauma:using tidal volume that are too large 

3-Atlecto trauma:collapse & reopen with every breath which usually caused with law PEEP 
4-Rheotrauma:injury caused by shear forces of high gas flow rate 
4-Biotrauma:Biochemical & physical injury caused by release of inflammatory mediators. 


***How HEY inherently provides lung protective ventilation?? 
I-Barotraumas- HFV pressure waveforms quickly attenuate as they advance towards the 
alveoli,, very little pressure amplitude is applied at terminal airways & alveoli. 


2-Volutrauma:- HFV tidal volumes are 1/5 to 1/10 those of conventional mechanical 
ventilation tidal volume. 


3-Atlectotrauma:- it is not inherently lessend by HFV but it depends on optimizing suitable 
PEEP &PIP which prevent collapse & at the same time doesn't affect so much the COP. 


4-Rheotrauma:- No evidence that this type has risen or decreased in HFV than conventional 
ventilation. 


5-Biotrauma:- Studies have demonstrated less biotrauma with HFV 


cod igean dal oS ale ga Led ab 
eeegesereseeeciytiall JS 
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$o if HEV is so inherently lung protective . why are not all patients treated 
with HFV?? 


A) HFV is a (distributive technology))= not normal = change the way people normally 
do things & people are resistant to change. 


B)HFV is not normal physiology of ventilation 
1-Rates:- are at least 5-10 times normal breathing rates 
2-Tidal volume:-typically smaller than anatomic dead space volume. 


C) Education is the key to embracing the distriputive technology of HFV & optimizing its use. 


N.B:- Knowing- the mechanics & the way how HFV works- helps a lot in dealing with HFV ... But I am 
committed & tied by the strategy of this booklet which is to be just a ( very smale very simplified , 
ee ae ek anponel of nontitetion), So | will try by heart pe Dowty used 


$0>>> What are the indications of HFY?? 


1-When conventional ventilation fails 
* PIP > 20-22 cm H20 in preterm infant 
* PIP > 28-30cm H20 in term infant 


2-Persistant pulmonary hypertension of newborn 
3-Congenital diaphragmatic hernia 
4-Pulmonary hypoplasia 


5-Meconium aspiration when deterioration is suspected 


6- Any other parenchymal lung disease when high peak pressure is needed. 
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Depends upon the condition being treated. 


E.g:- For RDS in preterm 

MAP>>> Increase by 2 cm H20 on conventional settings 

FIO,>>> Same as conventional settings 

Frequancy>>>10 Hz 

Amplitude(AP)>>>increase until chest visibility shaking’ AP 20-40 cm 

N.B>> For high lung volume to recruit atletic alveoli ,, may need to increase MAP to 6-8 cm 
H20 on conventional MAP. 


Suggested starting settings in different digeases 


Frequancy | Amplitude 
(Hz) 


CWM amplitude 
aed ae Good CWM | May need to>MAP& 
amplitude 


3 6 262 | i sam CWM | Usually high amplitude is 
needed >60 


ect a Cd 


= EE 1-2 Good CWM | High amplitude may be 
EE CMV needed 


— CWM | MAP will depend on lung 


Disease 


L 


Diffuse alveolar 
preterm 
Diffuse alveolar term 


Non homogenous 
e.g MAS diffuse 
Non homogenous 
e.g MAS with air 
trapping 

Non homogenous 
e.g Focal pneumonia 
Uniform pulmonary 


hypoplasia | 

Focal pulmonary 1-2 above 
hypoplasia CMV 

PIE 


Minimal 
CWM 


Tolerate high PCO, & 
LowPo, 
Minimal Tolerate high PCO, & 
CWM LowPo> 

CMV=conventional mechanical ventilation CWM= chest wiggle movement 


Pneumothorax 
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a, Changing Parame > 


Få 


ÆR 
NL TEN GOLDEN ROLES:- 


1-Oxygenation is controlled clinically by MAP & FIO, adjustment 
2-Ventilation is controlled clinically by Amplitude (AP)& 
Frequancy adjustment 

3-Treatment strategy depends upon disease state 

4-Aim for optimum lung volume,usually a high volume strategy 
unless air leakes or air trapping present. 

5-HFOV with collapsed lung doesnot work 

6-Resist early reductions in MAP unless overdistention 
7-Pulmonary vascular resistance has a U-shaped relationship with 
lung volume. 

8-HFV is much more dependant on amplitude than on rate,, the 
proper setting is determined by observing the chest vibration or 
wiggling from nipple to umbilicus & setting are changed by 1-2 cm 
Ho until desired amplitude is reached. 

9- Good Monitering is critical in HFV .. vital signs , UOP, PO, & 
CXR 

10-Avoid unnecessary disconnections & Remember that opening 
pressure is greater than closing pressures.. 


Increase FIO, then increase MAP & Vice versa 


. Increase amplitude then decrease frequency 
Hypercapnia š y dan z v 
If there is associated hypoxia increase MAP for recruitment & Vice 
versa 
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1-Continuous CO, monitering 

2-CXR (before,after1h,then daily)>>>the expansion 8.5-9 ribs indicates proper 
inflation. 

3-Ventilation parameters include Oxygen index(Oi) 

4-Blood gases 

5-Blood pressure 

6-HR 

7-Pulse 

8-UOP 

9-CVP if allowed 

10-capillary return i 
In hypotension & signs of decrease cardiac output>> First step is fluid bolus of Saline 
then consider increasing the rate of intravenous maintainance fluids>> if not suffient 
vasoactive infusion e.g Dopamine should be considered then overinflation is 
suspected. 


consideration 


1-Temporary disconnection should be discourged 
2-Suction only when necessary 

3-Physiotherapy is rarely needed 

4-Aim of surfactant to be given prior to HFOV 
5-Humidification is vital to help prevent mucus plugs 
6-Neuromuscular blockage not as necessary as with CMV. 
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en 
Complications 


1-Pulmonary over inflation 
*** Signs of overdistention:- 


+ CXR more than 8-9 posterior ribs or compressed heart. 
+ Flattened diaphragm 

+ Falling BP 

+ Rising heart rate 

+ Rising PCO, 

+ Falling PO, 

+ Poor perfusion 


2-Infant irritability & sedation 

3-Secretions markedly reduce effectiveness of HFOV 
4-Hypotension?>>Overinflation is suspected if no response to volume or intropes. 
5-ET tube may be drawn into lungs 

6-Auscultation is unhelpful even with pneumothorax CXR is required 

7-All the complications of CMV can occur during HFOV. 


1-Initially decrease FIO, to 25-30% with atarget saturation >90% 
2-Decrease MAP <20 cm H,0 ( 5-8 cm H20) 
3-Adjust (AP) to achieve appropriate co; level (<20 Hz) 


>>> Trial to be switch to conventional ventilation or CPAP. 


N.B>> Extubation is done if Baby ,, respiratory stable with fair ABG, CXR & saturation 


Hemodynamicaly stable ,,, Neurologicaly stable with fair consciousness level. 
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1-When conventional ventilation fail 

* PIP > 20-22 cm H20 in preterm infant 

* PIP > 28-30cm H20 in term infant 
*MAP>15cm H,0,fio.>60%,PEEP>10cmH,0 


2-Persistant pulmonary hypertension of newborn 
3-Congenital diaphragmatic hernia 
4-Pulmonary hypoplasia 


5-Meconium aspiration when deterioration is suspected 


Oxygenation 


Two primary variables that control oxygenation. 
*FIO, 
*MAP 


Oxygenation clinical Tips 
*initiate HFOV with FIO, 100%,, MAP >Paw in 
CMV with 2 cm H20 

*Increase MAP by 1-4 cm H20 to achieve 
adequate lung volume 

*optimal lung volume is determined by increase 
Sao, allowing FIO, To be weaned 


*Maintain MAP till FIO, is 60 % then wean MAP 


Flow chart of HFV 


Basic concept is to use smaller than physiological tidal volume at 
supraphysiological rates to support ventilation & oxygenation 


*Reasonable oxygen to limit oxygen toxicity 
*Sa0 86-92% 

*pao, 55-90mmHg 

*permissive hypercapnia 


Ventilation 

*It is controlled by delta P & frequance 

*start with amplitude 30's & adjust until wiggle 
*Frequancy ranges from 3-15 
preterm>>10-15Hz 

Term neonate>>>8-10Hz 

Children>>>6-8Hz 

Adults>>>5-6Hz 


improving ventilation 

*To improve ventilation first increase 
amplitude 

*If no improvement,consider decreasing 
frequance 
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Chapter Seven 


Non Invasive ventilation 


This chapter covers methods of assisted ventilation without an endotracheal tube & using 
interfaces either just at the nares or sealing the entire nose with a mask. 


So why this type of ventilation is used & preferred over traditional ventilation if intubation 
is not necessary ?... or by another way what are the adverse effects of endotracheal tube?? 


* Bypass upper airway 

* Loss the ability to grunt 

*Increase resistance 

* Portal of entery of infection 
*Interference with clearance of secretion. 
* Airway damage 

* Baro & volutrauma 


Types of non invasive ventilation 


1- Continuous Postive Airway Pressure (CPAP) 

2- Continuous Negative Expiratory Pressure (CNEP) 
3- Non Invasive Postive Pressure ventilation (NIPPV) 
4- High Flow Nasal cannula 


Continuous Postive Airway 
Prssure (CPAP) 


A technique of airway management that maintains positive intrapulmonary pressure in the 
lung during spontaneous breathing 
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I. The purpose of Nasopharyngeal CPAP is to reduce the morbidity due to barotrauma and 
subglottic stenosis from having a neonate intubated and mechanically ventilated because 
of respiratory failure or apnea. 


il. Indications for NPCPAP:- 


A. Apnea of Prematurity - obstructive and/or mixed apnea. 

B. Respiratory Distress (i.e., tachypnea, and/or retractions) - RDS, TTN and chronic 
lung disease (CPIP and BPD). 

C. Weaning from the ventilator. 


Ill. Types of NPCPAP:- 

A. Nasopharyngeal Tube - an endotracheal tube whose tip is placed in the nasal 
pharynx. 

1. Advantages: 

a. May be used on any size infant. 

b. Minimal risk of nasal septum necrosis. 

c. Easy to place infant in any position. 

d. Preferred method at UIHC. 

2. Disadvantages: 

a. May become occluded or plugged with secretions despite suctioning 
b. Higher resistance to spontaneous breathing. 


B. Nasal Prongs:- 

1. Advantages: 

a. Easier to apply (less traumatic). 

b. Lower resistance to spontaneous breathing 
2. Disadvantages: 

a. Easily dislodged from nares. 

b. Nasal septal necrosis 

c. Difficult to position infant. 


c.Face mask CPAP 
1-Advantage:- 

less dislodgement 

2- Disadvantage 
makes baby irritable 
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IV. Complications of NPCPAP: 


A. Pneumothorax - minimize incidence by using minimal pressure needed to 
accomplish aims. 

B. Nasal irritation - mucosal swelling or erosion, excessive nasal dilatation or septal 
necrosis. Minimize by proper positioning of infant and alternating nares every 5 to 
7 days. 

C. Abdominal distention and feeding intolerance>>orogastric tube may be left. 


Contraindications of using NCPAP:- 


1- The need for ventilation because of respiratory failure 

2- Upper airway abnormalities e.g Cleft palate — Choanal atresia 
3- Tracheoesophageal fistula 

4- Diaghragmatic Hernia 

5- Severe Cardiovascular instability 


Initiation of NCPAP:- 
1- Correctly set up & maintain low resistance delivary circuit 
2- Assure minimal pressure leak 
3- Maintain optimal airway 
4- Flow between 5-10 L/m 
5- Pressure 5 cm H20 
6- Change circuit weekly 
7- Snug fitting hat & nasal pronge 
8- Continuous monitoring 


Monitering:- 


1- Observe baby after 1 hour over 1* four hours ,, then after 3-4 hours 
2- Monitor respiratory status (RR , work of breathing) 

3- Monitor cardiovascular status (HR,BP,Perfusion) 

4- Monitor neurological status (Tone , activity, respnsivness) 

5- Monitor GI status (abdominal distention, Bowel sounds) 

6- Preductal oxygen saturation 

7- Thermoregulation 

8- Adequate humidification of the circuit 


Weaning :- 
1- FIO,< 30% 
2- Oxygen saturation >90 % 
3- No significant apnea & bradycardia episodes 
4- No respiratory distress 
5- Hemodynamically & neurologically stable 
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| Insure approach 


In infants with signs of RDS ,, intubation,,& Surfactant therapy followed by Rapid 


| extubation to NCPAP with later selective surfactant administration was associated 
with lower incidence of mechanical ventilation. 


SIPAP (BIPAP) 


is a proprietary name of Respironics, Inc. for continuous positive airway 


pressure (CPAP) with pressure support breaths. It is used during noninvasive 
positive pressure ventilation. It delivers a preset inspiratory positive airway 
pressure (IPAP) during inspiration and expiratory positive airway pressure (EPAP). 
BiPAP can be described as a continuous positive airway pressure system with a 
time-cycled or flow-cycled change of the applied pressure level. 


Non Invasive Postive Pressure 
Ventilation (NIPPV) 


Some rules about NIPPV:- 


v NIPPV can be used outside ICU or at home in patients who required long term 
nocturnal support for sleep related breathing disorders 

v NIPPV is of potential benefit in acutely critically-ill pediatric patients with acute 
respiratory distress 

¥Y NIPPV may improves the hemodynamics & respiratory work of patients with chronic 
lung disease 

v Experienced staff should be available to avoid delay of extubation if needed 

¥ NIPPV reduces the duration of ventialtory support with its complications. 
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Clinical use of NIPPV:- 


e Cardiogenic pulmonary edema 
e Hypoxic respiratory failure 

e Weaning 

e Post surgery 

e Asthma 


Adavantages of NIPPV:- 


e Allows patient to maintain normal functions ( Speech-Eating) 
e Helps to avoid the risks & complications related to intubation,sedation. 


Complications of NIPPV:- 


e Collapse of the upper airway in negative pressure ventilation 
e Brusis & Erosions to face & nasal septum 
e Abdominal distension with high pressures 


Contraindications of NIPPV:- 


e Hemodynamical or neurologicaly unstable or very thick secretions 


initial settings:- 


e IPAP 8-12 cm H20 
e PEEP 3-5cm H20 
e Adjust inspiredoxygen to keep sats >90 % 
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Chapter Eight 


Nutritional Support of mechanically 


The objective of advanced respiratory care in the neonate is to enable the premature or 
critically ill infant to survive in the best possible health and with the best possible 
neurodevelopmental outcome. Expert nutritional support is recognized as a key factor in 
promoting the survival and good long-term health and development of infants who require 
intensive care, including assisted ventilation 


The medical problems that contribute to the need for assisted ventilation—such as 
prematurity, infection, birth defects,and a host of cardiopulmonary issues—also increase 
the challenges of providing good nutritional support. 


Infants who require assisted ventilation may have immature or abnormal gastrointestinal 
function. They face the threat of suboptimal oxygen delivery to the tissues involved in 
absorption, digestion, and metabolic processing of ingested nutrients, and they often face 
limitations in the tolerance and processing of parenterally delivered nutrients. 


Good nutritional support improves the survival prospects of premature and critically ill 
infants and may affect the long-term outcome of the survivors. Brain growth and 
neurodevelopmental outcome are influenced by the quantity and quality of nutrition 
provided to premature and ill infants during their critical early postnatal weeks. 


For infants who require assisted ventilation, the harmful effects of malnutrition on lung 
developmentrespiratory muscle functionand lung mechanics are of great importance. 
Probably as a result of these effects, undernourished infants are thought to be more 
susceptible to bronchopulmonary dysplasia. 


Practical Nutriional Recommendations:- 


1- Parenteral Feeding and Fluid and Electrolyte Management:- 


Infants who are ill enough to require assisted ventilation should begin to receive 
intravenous fluids as soon as possible after birth but certainly within the first hour. The 
initial infusion should consist of 5% or 10% dextrose 


Sodium is added by the second day to deliver 2.5 to 3.5 mmol/kg/day, provided 
the serum sodium concentration is not elevated. 
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Potassium chloride is also added to the infusion on day 2, to give 2 to 2.5 mmol/kg/day, 
provided the serum potassium concentration is normal and urination is well established. 
On the second or third day of life, the infusion rate is usually increased to deliver 
maintenance volumes . 

Intravenous calcium supplementation should be started if the infant has signs that are 
attributed to hypocalcemia (tremulousness, seizures, apnea, or cardiac arrhythmia). 
Calcium supplementation should also be considered if the serum ionized calcium 
concentration falls below 3.5 mg/dL in an infant who is receiving little or no enteral 
intake. Respiratory alkalosis due to hyperventilation increases the risk of hypocalcemic 
tetany. 


Most infants who require assisted ventilation should be given parenteral amino acids, 
minerals, and vitamins beginning as soon as possible but certainly within 

24 hours of birth. The only exception should be an infant who can safely be fed significant 
volumes of milk or formula soon after birth and whose feedings are likely to be advanced 
within several days to a volume sufficient to support growth. 


2- Enteral Feeding 


Although extra caution is advised in the enteral feeding of infants who require assisted 
ventilation, intragastric gavage can be safely attempted in most cases. 


If a ventilated infant has ((( a soft, non distended abdomen and audible 
bowel sounds,hemodynamicaly stable , No large doses of 
inotropes)))>>> then nasogastric or orogastric gavage feeding may be attempted. Smal 


volumes and cautious progression ofmfeedings ae advisable, because aspiration would be 
particularly harmful in an infant who already requires mechanical ventilation. 


The presence of an uncuffed endotracheal tube would offer only partial protection from 
the hazard of aspiration. 


The first feeding should consist of maternal colostrums orinfant formula. A volume of 2 
mL/kg would generally be appropriate for the first feeding of a ventilated infant. 


The stomach should be aspirated for residual contents 3 hours later. If the stomach is 
empty or nearly so, the feeding can be repeated. This process is repeated every 

3 hours. The feedings may be increased once daily by an increment not to exceed 20 
mL/kg/day. The gastric residual volume is recorded every 3 hours. If it is more than 10% 
of the volume of the previous feeding (or 1 mL, whichever is larger) is present, the infant 
should be examined. If significant residuals are found repeatedly, feedings should be 
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stopped and the patient carefully evaluated for signs of systemic infection, necrotizing 
enterocolitis, and intestinal obstruction. 


If enteral feeding is successful, the rate of intravenous feeding should be reduced to keep 
the total fluid intake the same or to allow a slight increase appropriate for advancing 
postnatal age. 


When an infant no longer requires assisted ventilation or continuous positive airway 
pressure, has achieved stablecardiorespiratory status, and has demonstrated adequate 
sucking and swallowing of secretions, nipple feedings may be introduced. The transition to 
oral feedings typically requires more time for infants who required assisted ventilation and 
those who were most premature at birth. 


COMPARISON OF FEEDING METHODS FOR VENTILATOR DEPENDANT 
INFANTS: 


Method Advantages Risks and Disadvantages 


Per ohera! vein Nat depencent cn CI function Repeated infant thermal and physleleg c stess 
No danger cf aspiration Personnel effort te start and main:a r infusion 
Low nection risk Risk of tissue injury with extravasation 

Certal vein 

neous High concentraticns cf infused glucose Infection 
Nat depencent cn CI function Perforation cf vessel or neart 
No dancer cf aspiration 
Law risk oë necrotizing erterccolitis 
Avcics risks of penahera’ vein 
No neec for general anesthesia 
Lower risk of thremboss tan surgical line 
Surgical High concentrations cf infused glucose Cenera! anesthesia 

Possible when athe” metheds fail Vena cava thrombos $ 
Not depencent cn CI function wa 
No dancer cf aspiration Perforation cf vessel or weart 
Law risk of necratizing erterccolitis 


Intermitten: intragastric amates intestinal growth Bypasses salivary and lingual enzymes 
s Gut harmene secretion 


Reliable nutrient delivery 
Contirucus irtragastr < Larger volumes may De tclerated Bypasses salivary and lingual enzymes 
Feeding components may separate in 143119 
“ansovloric Does net rely cn gastric emptying More difficult tube placement 
Decreased “at absorption 
Possible increased morta ty 
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Chapter Nine 


Instruments used during ventilation 


Knowing basic information about instruments used during ventilation is so important >> as 
ventilation is usually associated with emergency so you always have no enough time to 
return back to Books or even tables for information e.g size of ETT & depth of insertion. 


(C laryngoseope 


** The laryngoscope consists of a handle, blade& light source 
* The blade can either be straight (Miller) or curved (Macintosh) 
** It is designed to be held by left hand for both right & left handed persons 


Sizes:- 

1-Zero>> Preterm neonate 
2-One>>> Term neonate & infants 
3-Two>>> Children 

4-Three >>>Adolescent 


Endotracheal tubes 


** The endotracheal tube should be sterile & disposable 

+% The distal end of endotracheal tube may provide an opening in sidewall(Murphy eye) 
to reduce risk of upper right lobe atlectasia& decrease likelihood complete ETT 
obstruction. 

** Most ETT for neonates have aheavy black line set back from the tip which is meant to 
be aligned with the vocal cord during insertion (vocal cord guide) 

“+ A cuffed ETT is generally indicated for children aged 8-10 years or older. 
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SIZE OF ENDOTRACHEAL TUBE 
Gestational age(weeks) 


1000-2000 28-34 


2000-3000 34-38 
>3000 >38 


Size of ET in age>2y =( age in years/4) +4 


Weight(gm) 


Depth of insertion<2y= (wt +7) 


Depth of insertion>2y= (age in years/4) +12 


** Some drugs can be given through ETT,, 
Epinephrine 
Atropine 
Naloxone 
Isoproteronol 
Lignocaine 
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Self-Inflating bag 


*Self inflating bag is formed of:- 

1-Air inlet attachment site for oxygen reservoir 
2-Oxygen inlet 

3-Patient outlet 

4-Valve assembly 

5-Oxygen reservoir 

6-Pressure release (pop-off) valve 

7-pressure manometer attachment site. 


*When the bag is squeezed during ventilation, the valve opens releasing oxygen/air to the 
baby.When the bag reinflates the valve is closed. This prevents the patient's exhaled air 
from entering the bag & being re-breahed. 


*Most self-inflating bags have a pressure-release valve(pop-off valve) which is generally set 
to 30-40cm H20.If pressure greater than this is generated, the valve closes. 


*Concentration of oxygen usually received by the patient (( without reservoir)) is 40% 
*High concentrations of oxygen can be achieved by using oxygen reservoir,,, The 
concenteration of oxygen achieved with a self-inflating bag with an oxygen reservoir 
attached will be between 90%& 100%. 

*Current recommendations are that a baby who requires resuscitation should be given a 
high concentration of oxygen (90-100%). 
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*Resuscitation masks have thin rims that are either cushioned or noncushioned 

*The rim on a cushioned mask make it easier to form a seal & requires less pressure on 
newborn face to optain aseal. 

*Two shaped are available Round and anatomically shaped. 

*For the mask to be correcte size>> the rim will cover the tip of the chin,the mouth & the 
nose but not the eyes. 


Oxygen Mask 


Uses:- 

* Administration of oxygen ( with gas flow rate of 6-18 L/min), it provides 30-60% of 
oxygen. 

* Neubilization 

** Provide supplemental oxygen for shorter period of time (Transportation) 
Disadvantages:- 

“+ Interference with feeding & suction 

«œ If oxygen flow rate is <6 L/min ,, rebreathing of exhaled coz 

“* Tightly fitted mask is not acceptable by children 

“* Variable Fio, delivery 
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Nasal oxygen catheter 


Uses:- 
* Administration of oxygen ( with gas flow rate of 2-4 L/min), it provides 30-40% of 
oxygen. 


Advantages:- 
*% CPAP 
* Leaves mouth free for nutritional purpose 


Disadvantages:- 
** Doesnot provide humidified oxygen 
œ Frequant displacement of prongs 
** Nasal mucosa injury 
** Contraindicated in chonal atresia , deviated nasal septum, nasal polyp. 
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Pharmacologic agents are frequently used as adjuncts to therapy with mechanical 
ventilation. Neonates present a special challenge in this regard because knowledge of drug 
dosage, distribution, metabolism, and side effects for them is often incomplete. Reported 
experience is frequently anecdotal, and extrapolation of information from adults 

or older children to the neonate may be inappropriate. 


| I. Analgesics | 


A. Fentanyl 


1. A short-acting opioid analgesic used for perioperative pain relief. The short action is 
mainly a function of rapid redistribution into fat and muscle depots because the elimination 
half-life is actually quite long—4 hours in the adult and probably twice as long in the 
newborn. Morphine may be a better alternative for sustained painrelief. 


2. Dosage: Anesthetic doses of 5 to 10 ug/kg IV will provide good pain relief for about 1 
hour in the newborn. Respiratory drive will usually be abolished and artificial ventilation 
will be needed. 

Respiratory depression may also occur unexpectedly, presumably following redistribution 
from fat or muscle depots. Continuous infusions of 3 ug/kg/hr are effective for a period, but 
tolerance develops rapidly and, if the infusion is continued for more than 4 to 5 days, 
serious withdrawal symptoms may follow discontinuation. 


B. Morphine 


1. This is the best studied opiate analgesic for use in the newborn period. Respiratory 
depression, urinary retention, and constipation can occur with normal doses, and 
hypotension, bradycardia, and seizures with overdose. 


2. Dosage 
a. For relief of severe pain, such as in necrotizing enterocolitis or following surgery, a 


loading dose of 240 g/kg followed by an infusion of 20 ug/kg/hr is probably required. This 
dose will cause respiratory depression, and artificial ventilation will beneeded. 
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b. For sedation of a ventilated baby, a loading dose of 120 ug/kg and an infusion of 10 
ug/kg/hr will usually be sufficient. For less severe pain in the nonventilated baby, a dose of 
100 pg/kg every 12 hr may be sufficient. 

c. For the treatment of opiate withdrawal, oral doses of 40 ug/kg (sometimes more than 
this in babies of heavy users) initially every 4 hours are advised, with increases in dosage 
interval resulting in withdrawal over 6 to 10 days. 

d. For elective intubation, give a dose of 120 to 200 ug/kg at least best followed by a 
sedative (e.g., midazolam) and perhaps a muscle relaxant (e.g., atracurium). This dose may 
produce apnea. 


C. Acetaminophen (paracetamol) 


1. Analgesic and antipyretic with no anti-infl ammatory properties. 


Acetaminophen is well absorbed by mouth and, less predictably, rectally. It is conjugated in 
the liver and excreted in urine.Half-life is about 4 hours. 


2. Dosage: Oral loading dose is 24 mg/kg followed by a maintenance dose of 12 mg/kg 
orally every 4 hours (every 8 hours in babies <32 weeks gestational age [GA]). Consider 
measuring plasma levels if regular dosage is continued at this level for more than 

24 hours (pain relief requires a level of 12 to 24 mg/L). 


Rectal administration is less predictable, but a loading dose of 36 mg/kg followed by a 
maintenance dose of 24 mg/kg every 8 hours is suitable for a term baby. 


Il. Bronchodilators and 


A. Aminophylline/theophylline 


1. An effective remedy for apnea of prematurity, although caffeine is easier and safer to 
use. Toxic effects include tachycardia, hyperactivity, and seizures. Therapeutic ranges for 
treatment of apnea of prematurity are 7 to 12 ug/mL and for treatment of 
bronchospasm in older infants are 10 to 20 ug/mL. 


2. Dosage: A loading dose of 6 mg/kg followed by 2.5 to 3.5 mg/kg IV every 12 hours will 
generally abolish apnea of prematurity in most babies. 


Treatment can be continued with oral theophylline.A loading dose of 9 mg/kg is followed by 
4 mg/kg every 12 hours. 
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B. Caffeine 


1. Caffeine is the drug of choice for the treatment of apnea of prematurity for many 
clinicians. It has a wider safe therapeutic range than the theophyllines, is well absorbed by 
mouth, and only needs to be given once daily. 


It is most commonly given as caffeine citrate, 1 mg of which is equivalent to 0.5 mg of 
caffeine base. Doses are usually quoted as doses of the citrate. 


2. Dosage: Give a loading dose of 20 mg/kg of caffeine citrate orally or IV, followed by a 
once-daily dose of 5 mg/kg. Both the loading dose and the maintenance dose can be safely 
doubled if necessary. 


C. Albuterol (U.S.)/salbutamol (U.K.) 
1. Selective B2-adrenergic agonist, bronchodilator. Half-life in adults is 6 hours. 
Side effects include tachycardia, tremor, and irritability. 
It is well absorbed orally. 


2. Dosage: 100 to 500 g/kg nebulized 4 to 8 times daily, or 100 to 300 pg/kg orally 3 to 4 
times daily. 


D. Ipratropium: 


An anticholinergic bronchodilator synergistic with B-agonists. This is a synthetic derivative 
of atropine, given as 125 ug nebulized, every 6 to 8 hours. 


E. Epinephrine (for stridor) 


1. Direct-acting sympathomimetic agent with a more marked effect 
on B-adreno receptors than on a-adrenoreceptors 


2. Can be used (nebulized) to treat stridor. 
3. Dosage: 50 to 100 pg/kg prn.2-5 minutes before extubation 
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| IIL. Diuretics 


A. Bumetanide (U.K.) 
1. Loop diuretic more potent than furosemide and with similar mechanism of action. 
2. Causes significant urinary losses of sodium, chloride, calcium,and bicarbonate. 
3. Half-life in newborns is 2 to 6 hours. 
4. Dosage: 5 to 50 ug/kg q6h IV, IM, or orally. 


B. Chlorothiazide 


1. Benzothiazide diuretic usefully combined with spironolactone for additional effect. This is 
probably the safest diuretic combination for long-term control of fluid retention in 
congestive cardiac failure and chronic lung disease (CLD) in the newborn, although it can 
result in considerable urinary calcium losses. 


2. Dosage: 10 mg/kg (usually combined with 1 mg/kg of spironolactone) orally twice daily. 
This dose can be safely doubled and even quadrupled (with careful monitoring). Potassium 
supplements usually are not needed if both drugs are given together. 


D. Furosemide 


1. A loop diuretic which inhibits active chloride reabsorption in the loop of Henle and the 
distal tubule, resulting in reduced passive sodium reabsorption and diuresis. Side effects 
include signifi cant urinary losses of sodium, chloride, potassium, bicarbonate, and calcium. 
Furosemide stimulates renal synthesis of prostaglandin E2 and may increase the risk of 
patent ductus arteriosus. It is ototoxic and enhances the ototoxic effect of aminoglycosides. 
Chronic use may cause nephrolithiasis or nephrocalcinosis. 


There is some evidence for a direct effect improving lungfunction in CLD if nebulized 
furosemide is given. 


2. Dosage 
a. 1 mg/kg IV or 2 mg/kg orally given once or twice a day. Patients on long-term treatment 


should receive potassium chloride to prevent hypokalemia. 

b. In renal failure, a single 5 mg/kg dose may help to reduce ischemic tubular damage. 

c. In infants with CLD, 1 mg/kg of the IV preparation diluted in 2 mL of 0.9% saline and given 
by nebulizer once every 6 hours may improve pulmonary compliance without affecting 
renal function. 
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D. Spironolactone 


1. Competitive inhibitor of aldosterone, resulting in potassiumsparing diuresis. 


Spironolactone usually is used in combination with a thiazide diuretic such as 
chlorothiazide. 


2. Dosage: 1 mg/kg orally twice daily (combined with chlorothiazide, 10 mg/kg twice daily). 
Up to 4 mg/kg every 24 hours may be safely used, if necessary, but should be closely 
monitored. 


| IV. Inotropes 


A. Dobutamine 


1. A synthetic inotropic catecholamine with primarily B1-adrenergic activity, but in high 
doses it exhibits both a and B2 effects. 


It stimulates myocardial contractility and increases cardiac output. Because it has less effect 
than dopamine on systemic vascular resistance, dobutamine has less effect in raising blood 
pressure (however, effectively increasing tissue perfusion is likely to be a more important 
goal than reaching a specific blood pressure target). 


Tachycardia may occur at high dosage, and tissue ischemia may occur if the infusion 
infiltrates. 

2. Dosage: Start with a dose of 5 ug/kg/min by continuous IV infusion, increasing to 10 to 
20 ug if needed. Do not give bicarbonate or other alkaline solutions through the same line, 
as this will inactivate dobutamine. Never administer through an arterial catheter. 


B. Dopamine 


1. A naturally occurring catecholamine precursor of noradrenaline 

2. Dosage: Generally speaking, at low doses (2 to 5 ug/kg/min), dopamine causes coronary, 
mesenteric, and renal vasodilation (although it is questionable whether this is of clinical 
significance), whereas at high doses (6 to 15 ug/kg/min) it causes vasoconstriction. It is best 
given via a central vein and it is inactivated by bicarbonate and other alkaline solutions. 
Never administer through an arterial catheter. 
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C. Milrinone 


1. A selective phosphodiesterase inhibitor that seems to work by increasing cyclic AMP 
concentration. It acts as an inotrope but also has some vasodilator action, resulting in 
increased cardiac output. Use only for short periods, because long-term oral use in adults 
was associated with an unexplained increase in mortality. 


The volume of distribution in infancy is much higher than in adults; thus it is necessary to 
use a loading dose. 

2. Dosage: A standard regime is 60 g/kg IV over 15 minutes, followed by 0.5 ug/kg/min for 
15 minutes, followed by 0.25 ug/kg/min for up to 2 days. Coinjection with furosemide will 
cause precipitation. 


D. Noradrenaline (norepinephrine) 


1. Sympathomimetic vasoconstrictor. Mainly causes increase in cardiac contractility, heart 
rate, and myocardial oxygen consumption (B1 stimulation). High-dose infusion can also 
increase peripheral vasoconstriction (a1 stimulation), resulting in significantly increased 
cardiac after-load and a decrease in cardiac output. 


2. Dosage:- calls for careful judgment. Give 0.1 ug/kg/min of noradrenaline base via a 
central vein. This may be increased to a maximum of 1.5 ug/kg/min as long as limb 
perfusion and urine output are carefully monitored. Never administer through an 
arterial catheter 


E. Adrenaline (epinephrine) 


1. Direct-acting sympathomimetic agent with a more marked effect on B-adrenoceptors 
than on a-adrenoceptors. Adrenaline is used in the treatment of cardiac arrest secondary to 
electromechanical dissociation or as an infusion to treat serious hypotension 

(although this may cause significant vasoconstriction and is likely to affect renal perfusion). 


2. Dosage 
a. For cardiac arrest: 10 to 100 pg/kg IV, given by intracardiac, intratracheal, or intraosseous 


route. 
b. For hypotension: 0.1 to 0.3 ug/kg/min (maximum1.5 ug/kg/min) IV. 
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| V. Skeletal Musek 


A. Atracurium 


1. Atracurium besylate is a nondepolarizing competitive antagonist of acetylcholine at the 
motor end plate of voluntary muscle. Its effect can be reversed by anticholinesterases such 
as neostigmine. 


A major advantage is that it does not depend on either renal or hepatic function for 
degradation. 

2. Dosage: 500 ug/kg IV will cause complete paralysis lasting about 20 minutes. For 
sustained paralysis, give an infusion of 400 ug/kg/hr. 

Babies older than 1 month of age may require 500 ug/kg/hr. 


B. Pancuronium 


1. Pancuronium is a nondepolarizing competitive antagonist of acetylcholine similar to 
atracurium. This effect extends to autonomic cholinergic receptors as well as those in 
skeletal muscle. It is partially metabolized in the liver and excreted by the kidneys and has a 
variable duration of action in the newborn of the order of 2 to 4 hours. Its effects can be 
reversed with atropine and neostigmine. 


2. Dosage: Give 100 ug/kg to produce complete paralysis within a couple of minutes and 
adjust repeat doses (50 to 150 g/kg), based on the duration of the observed effect. 


C. Suxamethonium (succinylcholine) 


1. Suxamethonium acts as a depolarizing competitive agonist of acetylcholine. Brief muscle 
contraction is seen before paralysis occurs. These contractions have been reported as 
painful by adults. 


2. Dosage: 2 mg/kg will provide paralysis for 5 to 10 minutes. A dose of atropine (15 pg/kg) 
is often given before any dose of suxamethonium and should certainly be given before 


a second dose. 


| === 
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E. Vecuronium 


1. Anondepolarizing competitive antagonist of acetylcholine similar to pancuronium. It is 
metabolized by the liver and excreted in urine. 


2. Dosage: 30 to 150 pg/kg bolus will cause complete paralysis lasting 1 to 2 hours 


VI. Steroids 


A. Betamethasone 


1. A potent glucocorticoid given to mothers with threatening preterm birth prior to 34 
weeks GA in order to encourage fetal lung development. 


2. Dosage: Give the mother 12 mg IM and repeat once after 24 hours. 


B. Dexamethasone 


1. A potent glucocorticoid similar to betamethasone. It is used in similar fashion to 
encourage fetal lung development, although some evidence suggests that it is less effective 
at enhancing fetallung development. 


Although it appears to be benefi cial in treating severe cases of CLD, the ideal treatment 
regimen has not yet been established, and high-dose treatment in the neonatal period 
appears to be associated with high levels of cerebral palsy in survivors. Treatment of babies 
with dexamethasone causes increased protein catabolism, which affects growth. 
Hypercalcuria, hypertension, hyperglycemia, gastrointestinal hemorrhage, left ventricular 
outfl ow tract obstruction, hypokalemia, and increased risk of infection are other well- 
recognized adverse effects. 


2. Dosage 
a. Traditional regimen: 250 pg/kg base orally or IV twice daily for 7 days, followed if 


necessary by a 9-day course of tapering dosage. 
b. Durand regimen: 100 pg/kg orally or IV twice daily for 3 days, then 50 pg/kg twice daily 


for 4 days. 
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c. DART Trial regimen: 60 pg/kg orally or IV twice daily on days 1 to 3, then 40 pg/kg twice 
daily on days 4 to 6, 20 ug/kg twice daily on days 7 and 8, and 8 ug/kg on days 9 and 10. 
d. Postintubation airway edema: 200 ug/kg orally or IV at 8-hour intervals starting 4 hours 
before extubation. 


C. Hydrocortisone 


1. Glucocorticoid with minimal mineralocorticoid effect. It is used primarily for physiologic 
replacement but can also be useful in the treatment of acute hypotension. 


2. Dosage 
a. Standard replacement treatment requires a dose of 6 to 9 mg/m2/day. Three times this 


dose may be needed during acute illness. Start with 1 to 2 mg orally every 8 hours. 
b. Doses of 2 mg/kg IV followed by 1 mg/kg IV every 8 to 12 hours are effective in treating 
hypotension. 


| VII. Sedatives 


A. Chloral hydrate 


1. Well absorbed orally, metabolized in the liver, and excreted in urine. This sedative acts 
within 30 minutes; half-life of active metabolite is 36 hours. 


2. Dosage 
a. 45 mg/kg as a single dose. Higher doses (75 mg/kg) have been used for sedation for 


imaging but can produce hypoxemia 
b. 30 mg/kg orally every 6 hours can be helpful in babies with cerebral irritability. Drug 
accumulation may occur if used for more than 48 hours. 


1. Benzodiazepine anxiolytic and sedative. Midazolam is metabolized in the liver and 
excreted in urine. Drug accumulation may occur with repeated doses. IV infusion or rapid 
bolus dosage has been reported to produce seizures in some babies. 


2. Dosage 
a. 150 g/kg IV, IM, or intranasally produces rapid sedation and can be used for induction of 


anesthesia. (Midazolam does not relieve pain.) 
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b. 100 pg/kg IV may be used for sedation prior to elective intubation (together with 
morphine for pain relief and atracurium for paralysis). 

c. 10 to 60 ug/kg/hr IV can be used for sedation of ventilated babies for 3 to 4 days. This 
dose should be halved after the first day for babies <33 weeks GA to prevent accumulation. 


| VILL. Pulmonary 
Vasodilators 


A. Nitric oxide 


1. Given as a gas by inhalation. Nitric oxide acts on receptors within the muscle of blood 
vessel walls to produce vasodilation. It is rapidly inactivated by hemoglobin, producing 
methemoglobin. 


Half-life is <5 seconds. Vasodilator effect is therefore limited to the pulmonary circulation. 
Methemoglobin levels need to be monitored and kept below 2.5%. 


2. Dosage: In term babies and those more than 34 weeks GA, start at 20 parts per million 
(ppm). If this produces a rise in postductal PaO2 of at least 20 mm Hg (3 kPa) with no 
alteration in ventilator settings, reduce the concentration to the lowest compatible with a 
sustained response, usually 5 ppm. Stop treatment quickly if there is no response. Once 
started on nitric oxide, babies are extremely sensitive to any interruption in supply. 


B. Tolazoline 


1. Vasodilator affecting both pulmonary and systemic vessels with an a-adrenergic-blocking 
effect. Tolazoline seems to work best when severe acidosis has been corrected. It is 
cardiotoxic in high dosage and accumulates in renal failure. 


2. Dosage 

a. 1 to 2 mg/kg given as a rapid bolus ideally into a peripheral or central vein that drains 
into the superior vena cava. If a positive response is seen, an infusion of 200 ug/kg/hr may 
be helpful. May result in severe systemic hypotension. 

b. 200 pg/kg given as an intratracheal bolus instillation has been reported anecdotally to be 
effective. 

3. No longer available in the U.S. 
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CASE SCENARIOS 


1-A neonate is born to a 24 years -old primigravida with pregnancy 
induced hypertension... through lower segment cessarian section due 
to uncontrolled hypertension at 34 weeks,, Baby birth weight was 1.8 
kg,, RR= 68/min with subcostal,intercostals retractions,, He was 
grunting with pulse oximeter saturation 85% in room air which picked 
to 94% in oxygen. 

CXR revealed bilateral homogenous opacities suggestive hyaline 
membrane disease,,, Baby was intubated & ventilated on pressure 
limited time cycled mode with the following setting>> 

PIP =22 , PEEP=4 ,FIO,=100 % , Rate=50 , IT=0.4 sec. 


An ABG on the above settings was done showed PH=7.25, PCO2= 
60,P02= 68,HCO3= 18, BE=-0.5 & Sats=95% ,,, His ventilator settings 
was revised PIP becomes 24 &Rate becomes 55 ,,, >> PCO, becomes 
44 & PH normal. 


1- what is the essential care of this ventilated patient?? 

2-when to start enteral feeding in this case?? 

3-Sudden deterioration occurs to the baby after initial improvement,, How can you manage 
sudden deterioration of a ventilated patient?? 


2-A neonate 38 weeks of gestation..2.5kg ,, to amother 29 years old 2" 
gravida born by lower segment cessarian section in view of 
meconium stained liquor. 

At birth the baby was crying vigorously . He developed respiratory 
distress ,, RR=80/min,, with subcostal retraction & saturation was 88 
in 100% oxygen,, Baby Sats decrease with any maneuver even routine 
nurse care,, His CXR suggests meconium aspiration,,, He was 
intubated & ventilated at:- 

PIP=26,, PEEP=3,,,Rate=60,,FIO2=100%,, 1:E=1/3 
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ABG was done PH=7.18,,PCO2=56,,PO.= 40,,HCO3;=16,,BE=-7.5 
Echocardiography was done>Systolic pulmonary pressure=90mmHg 


| Baby was diagnosed as PPHN & was given Milrinone ,Dopamine & 


Doputrex., Sats improved & ABG becomes better. 


1-what do you know about pharmacology of drugs used in this case?? 

2-what is the size & the depth of the ETT used during ventilation?? 

3-Why it is better to avoid increasing IE ratio in this case?? 

(To avoid air trapping due to meconium aspiration) 

4-Why should we use the lowest PEEP that gets fair saturation in this case?? 

5-If weaning failure occurs,, what are the most possible cases?? 

6-What are the ways of non invasive ventilation that you can use during weaning?? 


| 3-A 27 week gestational premature infant to a G2P1 mother was 


admitted with severe pneumonia ,, fever 38.5 c,, ABG >> PH=6.9,, 


| severe RD ,, Baby was ventilated on pressure limited time cycled 


mode >> & setting were changed several time according to ABG,CXR, 
&clinical status >> the baby now is on high setting & not improved ,, 
causes of chronic deterioration of aventilated baby was revised then 


>> Putting baby on HFV was decided. 


1-What are the initial settings for this case?? 
2- What are the advantages & disadvantages og HFOV?? 
3-Continuous monitoring & nurse care is so important in acase on HFV,,explain???. 
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